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(54) A dual display arrangement and a terminal device 



(57) The scope of the present invention is a display 
arrangement displaying in two different directions, com- 
prising a first display (D1) displaying in a first direction 
and a second display (D2) displaying in a second, es- 
sentially opposite direction. The display arrangement 
comprises a component common to said first (D1 ) and 



second (D2) display, which component comprises a dis- 
play material layer (2', 2", 8', 8", 14) of a certain size, 
and a first part (2', 8', 14) of said display material layer 
forms a part of said first display (D1 ) and a second part 
(2", 8", 14) of said display material layer forms a part of 
said second display (D2). 
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Description 

The present invention relates to a display arrange- 
ment with display to two directions comprising a first dis- 
play displaying to a first direction and a second display 
displaying to an essentially opposite second direction. 
The invention also relates to a terminal device compris- 
ing such a display arrangement. 

Liquid crystal displays (LCD, Liquid Crystal Display) 
are at present very common especially in small size de- 
vices. They are displays thin in construction, consisting 
of transparent electrodes, a medium containing liquid 
crystals and polarization filters. One of the most com- 
mon constructions is the so called twisted nematic (TN, 
Twisted Nematic) LCD-display. In it the molecules of a 
layer of liquid arranged between glass plates are direct- 
ed in a desired direction using control voltages, at which 
the optical properties of the display elements change 
and create the desired pattern in the display. 

Figure 1 presents a cross section of the most com- 
monly used twisted nematic liquid crystal display 12. 
Liquid crystal display 12 consists of transparent elec- 
trodes 3, liquid crystal layer 5 containing liquid crystal 
molecules 15 and polarization filters 1 and 9. Closest to 
the viewer (topmost in the figure) there is polarization 
filter 1 , which is located on top of glass plate 2 protecting 
liquid crystal layer 5. Under glass plate 2 electrodes 3 
(figures seen in the display) have been arranged using 
a conductive, transparent layer (for example indiumti- 
noxide, ITO). The glass plates can also be replaced with 
plastics, if a lighter and more robust construction is de- 
sired. The disadvantages of plastics are the high price 
and so far difficulties in manufacturing. A so called ori- 
entation layer 4 has been integrated on the surface of 
electrode 3. Liquid crystal molecules 15 in liquid crystal 
layer 5 which touch it are oriented and thus orient the 
whole liquid crystal layer 5 (the layer between orienta- 
tion layers 4 and 6 containing liquid crystal molecules 
1 5) in the desired way. On the other side of liquid crystal 
layer 5 there is orientation layer 6, and as next transpar- 
ent electrode 7 alike electrode 3. The next layer is pro- 
tective glass layer 8, in the bottom surface of which po- 
larization filter 9 has been arranged. On the other side 
of polarization filter 9 there is reflector 10 which in the 
figure is reflecting light upwards. 

The electric field controlling the display is arranged 
by connecting an electric field between display ele- 
ments, or electrodes 3, arranged in a desired form, and 
electrode 7 using voltage supply 1 3 and switch 11 . The 
operation of a liquid crystal display is based upon the 
fact that when there is no electric field in the display, light 
passes through layers 1-9 and is reflected back by re- 
flector 10. In this case the background of the display 
seems light. When controlling control voltage 13 is con- 
nected between electrodes 3 and 7, the electric field 
generated by it twists liquid crystal molecules 15 in me- 
dium 5 in such a way that the light polarized using po- 
larization filters 1 and 9 cannot pass through the con- 



struction but is absorbed in the construction. In this case 
the background of electrode 3 seems black. Different 
shades of darkness can be obtained by adjusting the 
control voltage level. The crossing of electrodes 3 and 

5 7 forms a pixel. A multicolor liquid crystal display is man- 
ufactured by adding a color filter in each pixel. All colors 
can be produced with pixels provided with red, green 
and blue filters. In practice the color filter is a single lay- 
er, placed for example between lower glass plate 8 and 

10 electrode 7 (or between upper glass plate 2 and elec- 
trode 3), in which case the desired color is obtained 
when light is reflected upwards (in Figure 1 ). The display 
can further be provided with a background light placed 
under reflector 10, in which case light passes through 

15 the reflector upwards in the figure and illuminates the 
display. The background light can be realized as an 
electroluminescense layer (a so-called EL- background 
light), which is illuminated when a voltage is brought 
over it. 

20 Other kinds of prior known liquid crystal displays are 
a display based on dynamic scattering and a display 
based upon induced rotation (guest-host). 

Even if a liquid crystal display is flat and as such 
requires little space, space can be a problem in small 

25 size devices, such as mobile telephones, in which it is 
striven for devices with as small outer dimensions as 
possible and which are as light as possible. At present 
there are devices with several displays. An example of 
these is Nokia 9000 Communicator, with two displays 

30 opposite to each other, one display of the telephone sec- 
tion towards the outside of the device and a second dis- 
play of computer/organizer section towards the inside 
of the device. 

The display of the telephone section is smaller and 

35 thus requires less surface area. Both displays however 
have the same thickness and they thus increase the 
thickness of the device when folded against each other. 
The situation has been illustrated in more detail in Figure 
2, in which telephone section display D1 is topmost with 

40 the viewing direction from top downwards in the figure, 
and in which computer/organizer section display D2 is 
lower with the viewing direction from bottom upwards in 
the figure. The structure of the displays has been sim- 
plified a little here. In telephone section display D1 there 

45 are top- and bottom polarizers 1 1 and 9", and glass plates 
2' and 8', between which there is structure 14' (present- 
ed in Figure 1 with reference 14), which has been omit- 
ted here because of simplicity, and reflector 10'. In com- 
puter/organizer section display D2 there are respective- 

50 |y top- and bottom polarizers 1" and 9", and the glass 
plates 2" and 8", between which there is structure 14" 
(presented in Figure 1 with reference 14), which has 
been omitted here because of simplicity, and reflector 
10". Displays D1 and D2 have been fixed in printed cir- 

55 cuit boards PCB1 and PCB2, which in the device have 
been fixed to each other. In the printed circuit board it 
has preferably been fixed display driver circuits Dr' and 
Dr", which control the display (realizing the functions 11 
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and 1 3 in Figure 1 for each pixel). The solution present- 
ed in Figure 2 is vertically rather thick in the figure and 
thus significantly increases the size of the device in the 
direction in question. In a more advanced version of No- 
kia 9000 Communicator -device, which will be released 
in the summer of 1 997, the construction has been made 
smaller by using only one printed circuit board and by 
fixing displays D1 and D2 on both sides of the printed 
circuit board. 

Now a two-sided display element has been invent- 
ed, by using which a display to two opposite directions 
can be realized and the thickness of said display con- 
struction can be reduced compared with previous solu- 
tions. In the invention the one and same display com- 
ponent or display material element is utilized in the re- 
alization of a first display displaying in a first direction 
and of a second display displaying in a second opposite 
direction. In this way a part of said display component 
(display material element) is used for the realizing of a 
first display displaying in a first direction and a second 
part of said component is utilized in the realization of a 
second display displaying in a second opposite direc- 
tion. The common Display Material Element is prefera- 
bly such a part of the display the direction of which as 
to the direction of viewing has no importance. Other 
parts (layers) of the display, the direction of which as to 
the direction of viewing has importance, are arranged in 
such a way that they are in the first and second display 
in reversed order and turned into opposite directions if 
required. The displays are formed next to each other dis- 
playing information to opposite directions. 

The invention is particularly suitable for use in con- 
nection with a liquid crystal display, when both a first dis- 
play displaying to a first direction and a second display 
displaying to a second, opposite direction are realized 
using the same liquid crystal layer and the same elec- 
trode layers. 

Also other kinds of flat displays can be used in the 
realizing of the invention, at least as far as their structure 
is similar to that of a liquid crystal display, or comprises 
(when the cross section of the display is examined) in 
the middle a layer of display medium and on both sides 
of it electrodes (longitudinal and transverse conduc- 
tors). The display medium layer usually defines the type 
of a display. Said display medium layer is for example 
in the case of a plasma display a gas (a layer of gas 
between the electrodes) and in the case of an electro- 
luminescense display a semiconductor/phosphorus 
compound (a compound between the electrodes, usu- 
ally ZnS:Mn). 

In addition to a common display component flat dis- 
plays often have layers, the order of which in the direc- 
tion viewing has importance. At least a part of such lay- 
ers are arranged for the first display on the same level 
with the in order same layer for the second display on 
the opposite side of the common display component. In 
this way it is obtained an approximately equally thick 
construction, in which the surface of a part of the ele- 



ment forms a first display displaying to a first direction 
and a second part of the element forms a second display 
displaying to a second opposite direction. In the case of 
a liquid crystal display such parts, the order of which as 

5 to the direction of viewing has importance, are polarizers 
and a reflector, when the upper polarizer, counted in the 
direction of viewing, of the first display is mounted on 
the same level with the lower polarizer and reflector of 
the second display and vice versa. 

10 Preferably, a display element according to the in- 
vention is not fixed to any printed circuit board, but the 
driver circuits of the display can be fixed directly on (one 
of) the glass plates of the display for example using the 
chip-on-glass technique. The omitting of the printed cir- 

15 cuit board further makes the construction thinner. Driver 
circuits are used to control the display element area in 
such a way that in the area of the first display the figures 
desired in the first display are obtained and in the area 
of the second display the figures desired in the second 

20 display are obtained. 

The invention is characterized in that it comprises 
a component common to a first and a second display, 
the component comprising a display material layer of a 
certain size, and a first part of said display material layer 

25 forms a part of said first display and a second part of 
said display material layer forms a part of said second 
display. 

The invention is described in detail in the following 
with reference to enclosed figures, of which 

30 

Figure 1 presents the components and structure of 
an LCD -display (twisted nematic), 

Figure 2 presents a prior known solution for realiz- 
es ing a display displaying to two opposite di- 
rections, 

Figure 3 presents an example of the realization of 
a display element according to the inven- 
40 tion as a liquid crystal display, 

Figure 4a presents an example of the realization of 
a display element according to the inven- 
tion as a plasma display, 

45 

Figure 4b presents an example of the realization of 
a display element according to the inven- 
tion as an electroluminescence display, 

50 Figure 5a presents a terminal device according to 
the invention with the lid closed (mobile 
telephone position), and 

Figure 5b presents a terminal device according to 
55 the invention with the lid open (computer/ 

organizer position). 

Figure 3 presents the realization of a double-sided 
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display element according to the invention using a liquid 
crystal display as an example. Starting in the center of 
the construction it is almost similar to the construction 
of a normal liquid crystal display i.e. it has two glass 
plates 2 and 8, between which there is at least liquid 
crystal 5, more accurately construction 14 presented in 
Figure 1. The thickness of each glass plate is ca. 0.7 
mm and the thickness of the liquid crystal between them 
is ca. 5 um Glass plates 2, 8 and liquid crystal construc- 
tion 1 4 are common to both displays thus formed, i.e. to 
display D1 having the viewing direction from up in the 
figure and to display D2 having the viewing direction 
from below in the figure. For display D1 the upper glass 
plate in the figure thus forms, seen from the viewing di- 
rection, first glass plate 2' and the bottom glass plate 
forms second glass plate 8". For display D2 the bottom 
glass plate in the figure thus forms, seen from the view- 
ing direction, first glass plate 2", and the upper glass 
plate forms second glass plate 8". 

The first layer of display D1 counted in the viewing 
direction is first polarizer 1', i.e. polarization filter 1'. On 
the same level in the construction there is for display D2 
bottom (second) polarizer 9", i.e. polarization filter 9", 
and reflector 10" of display D2. First polarizer layer 1' of 
display D1 and second polarizer-reflector layer 9", 10" 
(polarizer 9" and reflector 10" form one layer entity) are 
both ca. 0.3 to 0.35 mm thick. In practice layers V and 
9", 10" are separate pieces which are mounted/fixed 
next to each other on the same level (on the surface of 
a glass plate). The polarization levels of polarizers 1 and 
9 also depend on liquid crystal material 14 used. In a 
twisted nematic (TN) liquid crystal display the polariza- 
tion level of light twists as light passes through molecule 
layers, the direction of which is twisted. Normally the po- 
larization level of light twists 90° in liquid crystal layer 5. 
In this case the polarization filters are often arranged in 
such a way that second polarizer 9 is at an 90° angle to 
first polarizer 1 , and hence a correct polarization level 
is obtained for the light which has passed liquid crystal 
layer 5, hence all light (or a majority of the light) passes 
through second polarizer 9. Reflector 10 is preferably 
diffuse and maintains the polarization level, in which 
case the light passes back through second polarizer 9, 
passes through liquid crystal layer 5 and passes through 
first polarizer 1 in the places in which there is no electric 
field between electrodes, in which case the display 
seems light, and correspondingly dark in the places 
where there is an electric field. If the liquid crystal layer 
twists the light for 270°, the polarizers are selected in 
such a way that the polarization level of second polarizer 
9 is at an 270° angle to the polarization level of first po- 
larizer 1 . Reasonably small (e.g. the ones used in Nokia 
9000 Communicator) black/white displays are often of 
the so called super twisted nematic (STN, Super Twist- 
ed Nematic) type, in which the twist angle usually is 
270°. 

Correspondingly the first layer of display D2 is, 
when counted from the viewing direction, first polarizer 



1 ", or polarization filter 1 ". On the same level in the con- 
struction there is for display D1 second polarizer 9', or 
polarization filter 9', and reflector 1 0' of display D1 . Also 
layers 1" and 9', 10' both are 0.3 - 0.35 mm thick and 
s they are equally in practice separate pieces which are 
placed/fixed next to each other on the same level on the 
surface of a glass plate. In this way a double sided dis- 
play element is formed, by the use of which it is obtained 
smaller display D1 (telephone part display) viewed from 
top in Figure 3 and larger display D2 (computer/organ- 
izer part display) viewed from downside, which thus are 
situated next to each other and they display information 
to opposite directions. The thickness of a display con- 
struction formed in this way will be, using above dimen- 
sions, ca. 2.0 mm. 

In addition to above, it is possible to mount in dis- 
plays D1 and D2 farthest in the viewing direction elec- 
troluminescent background light layer 16' and corre- 
spondingly 16", if a background light is used and the 
construction of the background light is desired to be as 
thin as possible. The electroluminescent, or EL -back- 
ground light layer can be formed out of laminated plas- 
tics, containing phosphorus between layers, which be- 
comes illuminated when a voltage is connected over it. 
The voltage for the background light layer can be ob- 
tained from the display power supply or elsewhere in the 
device in which the display is mounted. An EL -back- 
ground light requires high voltage (approximately 200 
V) and thus normally requires a separate driver circuit. 

A display element according to the invention is pref- 
erably not fixed to any circuit board, but driver circuits 
Dr of the display can be fixed directly on glass plate 27 
8" of the display, using for example the chip-on-glass 
technique. This can be done in such a way that one lon- 
gitudinal and one transverse edge of bottom glass plate 
278" in the figure is slightly longer than the upper glass 
plate in the figure, hence on the edges of the bottom 27 
8" glass plate there is room for mounting the driver cir- 
cuits. Electrodes 3 and 7 of transparent conductive ma- 
terial, which have not been shown in detail in the figure, 
consist of transverse and longitudinal conductors, in the 
crossing points of which the pixels of the display form. 
The electrodes are controlled using driver circuits Dr, 
hence it is possible to make desired pixels light or dark 
and in such a way a desired figure can be formed in the 
display. No separate driver circuits are required for dis- 
plays D1 and D2, but the same driver circuits Dr which 
control the whole display area of glass plates 2 and 8 
using the longitudinal and transverse conductors, are 
capable of controlling the electrodes in the area of dis- 
play D1 and display D2. It is also possible to use sepa- 
rate driver circuits for displays D1 and D2, even if both 
displays consist of the same glass- and electrode plates. 
By arranging own driver circuits for the displays it is pos- 
sible to make the power consumption of smaller display 
D1 lower, but this makes the construction more complex 
because more driver circuits are needed. 

In order to fasten it, it is possible to mount a display 
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in housing 1 7, which can be for example of rigid plastics. 
It is further possible to install lens 18 on top of each dis- 
play D1 , D2 to protect the display. The lens in not nec- 
essary. The size of the housing included, the size of an 
encapsulated display construction will come to approx- 
imately 5.4 mm, which is less than a half of the present. 
Figures 4a and 4b present a corresponding realization 
using plasma- or electroluminescence display. Figure 
4a presents the structure of a plasma display for the re- 
alization of a display element according to the present 
invention. A plasma display normally has on top and in 
the bottom glass layers 32 and 38. After the glass plates 
come electrodes 33 and 37, of which the one closer to 
a viewer has usually been made transparent, for exam- 
ple by using indiumtinoxide (ITO). It has also been pos- 
sible to use thin metal conductors because light emis- 
sion spreads sideways in such a way that light is emit- 
ted. In a display element according to the invention both 
electrodes 33 and 37 are preferably realized using 
transparent conductors. Alternatively, it is possible to 
use a reversed construction in one part of the structure 
in such a way that for display D1 electrodes 33 are made 
of a transparent material and electrodes 37 of metal, and 
for display D2 electrodes 37 are made of a transparent 
material and electrodes 33 are made of metal. The elec- 
trodes are normally surrounded by an isolating layer 34, 
36, between which there is gas layer 35. Also in the ends 
of the gas layer there is isolating layer 39, which can be 
of the same material than layers 34 and 36 (for example 
isolating solder-glass). With display driver circuits 31 a 
voltage is directed to the desired pixel, hence a gas dis- 
charge takes place in gas 35, i.e. light is emitted, which 
is seen as the activation of the pixel in question. Using 
driver circuits 31 a voltage is connected over electrodes 
33 and 37 in such a way that for display D1 the light is 
seen upwards in Figure 4a, and for display D2 the light 
is seen downwards in Figure 4a (a reversed, negative 
voltage compared with the voltage over the electrodes 
of display D1). The vertical dashed line in the figure il- 
lustrates the realization of two displays D1 and D2 dis- 
playing to two different directions. The display areas can 
be divided more clearly using suitable encapsulating, 
with which the other areas are covered, but apertures 
are left for the viewing of displays D1 and D2. Longer 
glass plate 38 shown in the figure illustrates how, alike 
in Figure 3, by arranging one glass plate to be longer 
than the other one, driver circuits 31 can be placed on 
the edges using for example the chip-on-glass tech- 
nique. 

Figure 4b presents the structure of an electrolumi- 
nescence display for the realization of a display element 
according to the present invention. An electrolumines- 
cence display normally has on top, closest to a viewer 
a glass layer and on the bottom a protective layer. Both 
topmost layer 42 and bottom layer 48 in an electrolumi- 
nescence display according to the invention and in the 
figure are preferably glass plates. After the glass plates 
come electrodes 43 and 47, of which normally the one 



closer to a viewer has been made transparent, for ex- 
ample by using indiumtinoxide (ITO) and the second 
electrode has been made for example of aluminium. In 
a display element according to the invention both elec- 

5 trodes 43 and 47 are preferably realized using transpar- 
ent conductors. Alternatively, a reversed construction is 
used in one part of the construction in such a way that 
for display D1 electrodes 43 are made of a transparent 
material and electrodes 47 of aluminium or of some oth- 

10 er metal, and for display D2 electrodes 47 consist of a 
transparent material and electrodes 43 of aluminium or 
of some other metal. The electrodes are normally sur- 
rounded by an isolating layer 44, 46, for example of 
Y 2 0 3 , Si0 2 and Al 2 0 3 , between which there is electro- 
ns luminescence film 45, which can be formed of powder 
or using the thin film technique. Material 45 is a semi- 
conductor compound, usually for example ZnS with Mn 
as a compound blend. With display driver circuits 41 a 
voltage is directed to the desired pixel, hence electrolu- 

20 minescence film 45 emits light at the pixel in question. 
With driver circuits 41 the voltage is directed over elec- 
trodes 43 and 47 in such a way that for display D1 the 
light is directed upwards in Figure 4b and for display D2 
the light is seen downwards in Figure 4b (a reversed, 

25 negative voltage compared with the voltage over the 
electrodes of display D1 ). The vertical dashed line in the 
figure illustrates the realization of two displays D1 and 
D2 displaying to two different directions. The display ar- 
eas can be divided more clearly using suitable encap- 

30 sulating, with which the other areas are covered, but ap- 
ertures are left for the viewing of displays D1 and D2. 
Longer glass plate 48 shown in the figure illustrates how, 
alike in Figure 3, by arranging one glass plate to be long- 
er than the other one, driver circuits 41 can be placed 

55 on the edges using for example the chip-on-glass tech- 
nique. 

Figures 5a and 5b present a telecommunication de- 
vice utilizing a display element according to the inven- 
tion, Nokia 9000 Communicator -terminal device, known 

40 as one, which is a multiservice mobile station with two 
sections. Thus the invention is also related to a terminal 
device comprising a two-way display element, which de- 
vice can be made thinner compared with prior known 
devices. Figures 5a and 5b present an example of such 

45 a terminal device. A multiservice mobile station can be 
used in two different positions, the first of which shown 
in Figure 5a, the mobile telephone position, has been 
optimized for the using of the terminal device mainly like 
a conventional mobile telephone. The second position, 

50 the terminal device position shown in Figure 5b, has 
been optimized for the using of the terminal device as a 
versatile organizer and as a telecommunication terminal 
device. 

The terminal device is in Figure 5a shown in the mo- 
ss bile telephone position, when lid section 100 and base 
section 200 have been folded at a suitable angle against 
each other supported by hinge 190 (Figure 5b). In Figure 
5a the top side of lid section 1 00 comprises display 1 1 0 
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for displaying alphanumeric characters or graphic fig- 
ures, i.e. display D1 according to the invention, and key- 
board 120 for entering alphanumeric characters in the 
terminal device. Now a user has access to the telephone 
section of the device and display 1 1 0 has been arranged 
to display information connected with the telephone 
function, such as dialing a telephone number, the iden- 
tification of an incoming call, and the scrolling of tele- 
phone function menus and other corresponding func- 
tions connected with a wireless telephone. When the 
terminal device is in the mobile telephone position lid 
section 100 and base section 200 are locked to each 
other with latch 130. Movable antenna 140 is in a first 
embodiment according to the invention fixed to lid sec- 
tion 100. 

In Figure 5b the terminal device is presented in the 
terminal device position, when lid section 100 and base 
section 200 have been folded in a suitable angle apart 
from each other supported by hinge 1 90. Now the inside 
of lid section 100 and the top side of base section 200 
provide a user with an user interface comprising display 
150, i.e. display D2 of a display element according to 
the invention, scroll keys 160 and command keys 170, 
and base section 200 provides application keys 210, 
QWERTY-keys 220 prior known from computers and 
cursor keys 230. The user now has at his or her disposal 
the computer section or the so called organizer section 
(using which also calls can be made), and display 150 
has been arranged to display information connected 
with the organizer function, such as a calendar, contact 
memo, electric mail and other corresponding functions 
connected with the organizer and the multiservice mo- 
bile station. The display element is fixed to the lid section 
for example alike in Figure 3 to housing 17. 

The above is a description of the realization of the 
invention and its embodiments utilizing examples. It is 
self evident to persons skilled in the art that the invention 
is not limited to the details of the above presented em- 
bodiments and that the invention can be realized also 
in other embodiments without deviating from the char- 
acteristics of the invention. The presented embodiments 
should be regarded as illustrating but not limiting. Thus 
the possibilities to realize and use the invention are lim- 
ited only by the enclosed claims. Thus different embod- 
iments of the invention specified by the claims, also 
equivalent embodiments, are included in the scope of 
the invention. 

It is equally possible in the presented way to form 
several displays, for example three displays, in such a 
way that two displays display in the same direction and 
the third display to the opposite direction. 



Claims 

1 . A display arrangement displaying to two different di- 
rections, comprising a first display (D1) displaying 
to a first direction and a second display (D2) dis- 



playing to a second, essentially opposite direction, 
characterized in that it comprises a component 
common to said first (D1 ) and second (D2) display, 
which component comprises a display material lay- 
5 er (1 4; 5, 35, 45) of a certain size, and a first part of 

said display material layer (14; 5, 35, 45) forms a 
part of said first display (D1) and a second part of 
said display material layer (14; 5, 35, 45) forms a 
part of said second display (D2). 

w 

2. A display arrangement according to claim 1 , char- 
acterized in that said display material layer com- 
prises all such layers of the display, the location of 
which within the display is independent of the direc- 
ts tion of viewing. 

3. A display arrangement according to claim 1 , char- 
acterized in that said display material layer com- 
prises a layer of material, which determines the type 

20 of the display and the display arrangement further 
comprises glass plate layers (2, 8) of a certain size 
enveloping the display material layer on both sides, 
which glass plate layers are common for said first 
and second displays and a first part of said glass 

25 plate layers (5, 35, 45) forms a part of said first dis- 
play (D1 ) and a second part of said display material 
layers (5, 35, 45) forms a part of said second display 
(D2). 

30 4. A display arrangement according to one of above 
claims, characterized in that it further comprises 
layers (1 , 9, 10) the order and direction of which in 
the arrangement is dependent on the viewing direc- 
tion of the display, and such layers have in the area 

55 of the first display (D1 ) been placed in a first order 
and in a first direction and in the area of the second 
display (D2) in the opposite order and direction 
compared with the first display. 

40 5. a display arrangement according to claim 4, char- 
acterized in that it comprises in the first part and in 
the second part of the display on both sides of the 
display material layer a first (1 ) and a second (9, 10) 
layer dependent on the direction of viewing, and the 

45 first layer (1 '), dependent on the direction of viewing 
of the first display (D1 ) has been placed in a certain 
first order and direction in the part of the first display 
(D1) in the arrangement and the second layer (9\ 
10'), dependent on the direction of viewing, of the 

50 first display (D1) has been placed in a certain sec- 
ond order and direction in the arrangement in the 
part of the first display (D1 ), and the corresponding 
first layer (1"), dependent on the direction of view- 
ing, of the second display (D2) has been placed in 

55 order on the same layer with the second layer (9\ 
10'), dependent on the direction of viewing, of the 
first display and in the opposite direction to the first 
layer (1 '), dependent on the direction of viewing, of 
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the first display in the part of the second display (D2) 
and the corresponding second layer (9", 10"), de- 
pendent on the direction of viewing, of the second 
display (D2) has been placed in order on the same 
layer with the first layer (V), dependent on the di- 5 
rection of viewing, of the first display and in the op- 
posite direction to the second layer (9\ 10'), de- 
pendent on the direction of viewing, in the part of 
second display (D2). 

10 

6. A display arrangement according to claim 1 , char- 
acterized in that said common display material lay- 
er (14; 5, 35, 45) comprises the liquid crystal layer 
(5) of the liquid crystal display, electrode layers (3, 

7) and glass plate layers (2, 8) formed on both sides is 
of it. 

7. A display arrangement according to claim 5, char- 
acterized in that said first layer (1), dependent on 

the direction of viewing, is a first polarization layer 20 
counted from the direction of viewing of the liquid 
crystal display and said second layer (9), depend- 
ent on the direction of viewing, is a second polari- 
zation layer (9) counted from the direction of view- 
ing the liquid crystal display. 25 

8. A display arrangement according to claim 7, char- 
acterized in that said second polarization layer (9) 
also comprises a reflector layer (10) of the liquid 
crystal display. 30 

9. Aterminal device comprising a first display (D1 ) dis- 
playing in a first direction and a second display (D2) 
displaying in a second, essentially opposite direc- 
tion, characterized in that it comprises a compo- 35 
nent common to said first (D1 ) and second (D2) dis- 
plays, which component comprises a display mate- 
rial layer (14; 5, 35, 45) of a certain size, and a first 
part of said display material layer (14; 5, 35, 45) 
forms a part of said first (D1 ) display and a second 40 
part of said display material layer (14; 5, 35, 45) 
forms a part of said second display (D2). 

10. A terminal device according to claim 9, character- 
ized in that it is a communication device comprising 45 
telephone- and organizer functions, said first and 
second display form one compact construction 
placed inside the same housing of the device, and 
said first display (D1 ) has been arranged to display 
information connected with the telephone function so 
and said second display (D2) has been arranged to 
display information connected with the organizer 
function. 
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Description 

[0001] The present invention relates to a display ar- 
rangement with display to two directions comprising a 
first display displaying to a first direction and a second 
display displaying to an essentially opposite second di- 
rection. The invention also relates to a terminal device 
comprising such a display arrangement. 
[0002] Liquid crystal displays (LCD, Liquid Crystal 
Display) are at present very common especially in small 
size devices. They are displays thin in construction, con- 
sisting of transparent electrodes, a medium containing 
liquid crystals and polarization filters. One of the most 
common constructions is the so called twisted nematic 
(TN, Twisted Nematic) LCD-display. In it the molecules 
of a layer of liquid arranged between glass plates are 
directed in a desired direction using control voltages, at 
which the optical properties of the display elements 
change and create the desired pattern in the display. 
[0003] Figure 1 presents a cross section of the most 
commonly used twisted nematic liquid crystal display 
12. Liquid crystal display 12 consists of transparent 
electrodes 3, liquid crystal layer 5 containing liquid crys- 
tal molecules 15 and polarization filters 1 and 9. Closest 
to the viewer (topmost in the figure) there is polarization 
filter 1 , which is located on top of glass plate 2 protecting 
liquid crystal layer 5. Under glass plate 2 electrodes 3 
(figures seen in the display) have been arranged using 
a conductive, transparent layer (for example indiumti- 
noxide, ITO). The glass plates can also be replaced with 
plastics, if a lighter and more robust construction is de- 
sired. The disadvantages of plastics are the high price 
and so far difficulties in manufacturing. A so called ori- 
entation layer 4 has been integrated on the surface of 
electrode 3. Liquid crystal molecules 15 in liquid crystal 
layer 5 which touch it are oriented and thus orient the 
whole liquid crystal layer 5 (the layer between orienta- 
tion layers 4 and 6 containing liquid crystal molecules 
1 5) in the desired way. On the other side of liquid crystal 
layer 5 there is orientation layer 6, and as next transpar- 
ent electrode 7 alike electrode 3. The next layer is pro- 
tective glass layer 8, in the bottom surface of which po- 
larization filter 9 has been arranged. On the other side 
of polarization filter 9 there is reflector 10 which in the 
figure is reflecting light upwards. 
[0004] The electric field controlling the display is ar- 
ranged by connecting an electric field between display 
elements, or electrodes 3, arranged in a desired form, 
and electrode 7 using voltage supply 13 and switch 11 . 
The operation of a liquid crystal display is based upon 
the fact that when there is no electric field in the display, 
light passes through layers 1 -9 and is reflected back by 
reflector 10. In this case the background of the display 
seems light. When controlling control voltage 13 is con- 
nected between electrodes 3 and 7, the electric field 
generated by it twists liquid crystal molecules 15 in me- 
dium 5 in such a way that the light polarized using po- 
larization filters 1 and 9 cannot pass through the con- 



struction but is absorbed in the construction. In this case 
the background of electrode 3 seems black. Different 
shades of darkness can be obtained by adjusting the 
control voltage level. The crossing of electrodes 3 and 

5 7 forms a pixel. A multicolor liquid crystal display is man- 
ufactured by adding a color filter in each pixel. All colors 
can be produced with pixels provided with red, green 
and blue filters. In practice the color filter is a single lay- 
er, placed for example between lower glass plate 8 and 

10 electrode 7 (or between upper glass plate 2 and elec- 
trode 3), in which case the desired color is obtained 
when light is reflected upwards (in Figure 1 ). The display 
can further be provided with a background light placed 
under reflector 10, in which case light passes through 

15 the reflector upwards in the figure and illuminates the 
display. The background light can be realized as an 
electroluminescense layer (a so-called EL- background 
light), which is illuminated when a voltage is brought 
over it. 

20 [0005] Other kinds of prior known liquid crystal dis- 
plays are a display based on dynamic scattering and a 
display based upon induced rotation (guest-host). 
[0006] Even if a liquid crystal display is flat and as 
such requires little space, space can be a problem in 

25 small size devices, such as mobile telephones, in which 
it is striven for devices with as small outer dimensions 
as possible and which are as light as possible. At 
present there are devices with several displays. An ex- 
ample of these is Nokia 9000 Communicator, with two 

30 displays opposite to each other, one display of the tele- 
phone section towards the outside of the device and a 
second display of computer/organizer section towards 
the inside of the device. 

[0007] The display of the telephone section is smaller 

35 and thus requires less surface area. Both displays how- 
ever have the same thickness and they thus increase 
the thickness of the device when folded against each 
other. The situation has been illustrated in more detail 
in Figure 2, in which telephone section display D1 is top- 

40 most with the viewing direction from top downwards in 
the figure, and in which computer/organizer section dis- 
play D2 is lower with the viewing direction from bottom 
upwards in the figure. The structure of the displays has 
been simplified a little here. In telephone section display 

45 D1 there are top- and bottom polarizers V and 9', and 
glass plates 2' and 8', between which there is structure 
14' (presented in Figure 1 with reference 14), which has 
been omitted here because of simplicity, and reflector 
1 0'. In computer/organizer section display D2 there are 

50 respectively top- and bottom polarizers 1" and 9", and 
the glass plates 2" and 8", between which there is struc- 
ture 1 4" (presented in Figure 1 with reference 1 4), which 
has been omitted here because of simplicity, and reflec- 
tor 10". Displays D1 and D2 have been fixed in printed 

55 circuit boards PCB1 and PCB2, which in the device have 
been fixed to each other. In the printed circuit board it 
has preferably been fixed display driver circuits Dr' and 
Dr", which control the display (realizing the functions 11 
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and 13 in Figure 1 for each pixel). The solution present- 
ed in Figure 2 is vertically rather thick in the figure and 
thus significantly increases the size of the device in the 
direction in question. In a more advanced version of No- 
kia 9000 Communicator -device, which will be released 
in the summer of 1 997, the construction has been made 
smaller by using only one printed circuit board and by 
fixing displays D1 and D2 on both sides of the printed 
circuit board. 

[0008] JP-A-62 031 530 discloses an example of a 
known arrangement comprising two displays displaying 
in two different directions. 

[0009] GB 2 305 532 discloses another example of a 
known arrangement comprising two displays displaying 
in two different directions. A liquid crystal display has an 
upper substrate, a lower substrate and a liquid crystal 
layer between the upper and lower substrates. The dual- 
faced LCD is applied to a cash register so that a clerk 
and a customer can see the same data on the two sides 
of the dual-faced LCD. 

[0010] Now a two-sided display element has been in- 
vented, by using which a display to two opposite direc- 
tions can be realized and the thickness of said display 
construction can be reduced compared with previous 
solutions. In the invention the one and same display 
component or display material element is utilized in the 
realization of a first display displaying in a first direction 
and of a second display displaying in a second opposite 
direction. In this way a part of said display component 
(display material element) is used for the realizing of a 
first display displaying in a first direction and a second 
part of said component is utilized in the realization of a 
second display displaying in a second opposite direc- 
tion. The common Display Material Element is prefera- 
bly such a part of the display the direction of which as 
to the direction of viewing has no importance. Other 
parts (layers) of the display, the direction of which as to 
the direction of viewing has importance, are arranged in 
such a way that they are in the first and second display 
in reversed order and turned into opposite directions if 
required. The displays are formed next to each other dis- 
playing information to opposite directions. 
[001 1 ] The invention is particularly suitable for use in 
connection with a liquid crystal display, when both a first 
display displaying to a first direction and a second dis- 
play displaying to a second, opposite direction are real- 
ized using the same liquid crystal layer and the same 
electrode layers. 

[001 2] Also other kinds of flat displays can be used in 
the realizing of the invention, at least as far as their 
structure is similar to that of a liquid crystal display, or 
comprises (when the cross section of the display is ex- 
amined) in the middle a layer of display medium and on 
both sides of it electrodes (longitudinal and transverse 
conductors). The display medium layer usually defines 
the type of a display. Said display medium layer is for 
example in the case of a plasma display a gas (a layer 
of gas between the electrodes) and in the case of an 



electroluminescense display a semiconductor/phos- 
phorus compound (a compound between the elec- 
trodes, usually ZnS:Mn). 

[0013] In addition to a common display component flat 
5 displays often have layers, the order of which in the di- 
rection viewing has importance. At least a part of such 
layers are arranged for the first display on the same level 
with the in order same layer for the second display on 
the opposite side of the common display component. In 
10 this way it is obtained an approximately equally thick 
construction, in which the surface of a part of the ele- 
ment forms a first display displaying to a first direction 
and a second part of the element forms a second display 
displaying to a second opposite direction. In the case of 
15 a liquid crystal display such parts, the order of which as 
to the direction of viewing has importance, are polarizers 
and a reflector, when the upper polarizer, counted in the 
direction of viewing, of the first display is mounted on 
the same level with the lower polarizer and reflector of 
20 the second display and vice versa. 

[0014] Preferably, a display element according to the 
invention is not fixed to any printed circuit board, but the 
driver circuits of the display can be fixed directly on (one 
of) the glass plates of the display for example using the 
25 chip-on-glass technique. The omitting of the printed cir- 
cuit board further makes the construction thinner. Driver 
circuits are used to control the display element area in 
such a way that in the area of the first display the figures 
desired in the first display are obtained and in the area 
30 of the second display the figures desired in the second 
display are obtained. 

[0015] According to the invention there is provided a 
display arrangement displaying to two different direc- 
tions, comprising 

35 

a first display displaying to a first direction and a 
second display displaying to a second, essentially 
opposite direction, 

a component common to said first and second dis- 
40 play, which component comprises a display materi- 
al layer of a certain size, and 

a first part of said display material layer forms 
a part of said first display and 
45 a second part of said display material layer 

forms a part of said second display, character- 
ized in that the display arrangement further 
comprises driver circuits for controlling said first 
display to display a first information and said 
50 second display to display a second information 

that is different from said first information. 

[0016] Also according to the invention there is provid- 
ed a terminal device comprising 

55 

afirstdisplay displaying in a first direction andasec- 
ond display displaying in a second, essentially op- 
posite direction, 
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a component common to said first and second dis- 
plays, which component comprises a display mate- 
rial layer of a certain size, and 

a first part of said display material layer forms 
a part of said first display and 
a second part of said display material layer 
forms a part of said second display, character- 
ized in that the terminal device further compris- 
es driver circuits for controlling said first display 
to display a first information and said second 
display to display a second information that is 
different from said first information. 

[0017] The invention is described in detail in the fol- 
lowing with reference to enclosed figures, of which 

Figure 1 presents the components and structure of 
an LCD -display (twisted nematic), 

Figure 2 presents a prior known solution for realiz- 
ing a display displaying to two opposite di- 
rections, 

Figure 3 presents an example of the realization of 
a display element according to the inven- 
tion as a liquid crystal display, 

Figure 4a presents an example of the realization of 
a display element according to the inven- 
tion as a plasma display, 

Figure 4b presents an example of the realization of 
a display element according to the inven- 
tion as an electroluminescence display, 

Figure 5a presents a terminal device according to 
the invention with the lid closed (mobile tel- 
ephone position), and 

Figure 5b presents a terminal device according to 
the invention with the lid open (computer/ 
organizer position). 

[0018] Figure 3 presents the realization of a double- 
sided display element according to the invention using 
a liquid crystal display as an example. Starting in the 
center of the construction it is almost similar to the con- 
struction of a normal liquid crystal display, i.e. it has two 
glass plates 2 and 8, between which there is at least 
liquid crystal 5, more accurately construction 14 pre- 
sented in Figure 1 . The thickness of each glass plate is 
ca. 0.7 mm and the thickness of the liquid crystal be- 
tween them is ca. 5 jum. Glass plates 2, 8 and liquid crys- 
tal construction 14 are common to both displays thus 
formed, i.e. to display D1 having the viewing direction 
from up in the figure and to display D2 having the view- 
ing direction from below in the figure. For display D1 the 



upper glass plate in the figure thus forms, seen from the 
viewing direction, first glass plate 2' and the bottom 
glass plate forms second glass plate 8'. For display D2 
the bottom glass plate in the figure thus forms, seen from 

5 the viewing direction, first glass plate 2", and the upper 
glass plate forms second glass plate 8". 
[0019] The first layer of display D1 counted in the 
viewing direction is first polarizer 1 ', i.e. polarization filter 
1 '. On the same level in the construction there is for dis- 

10 play D2 bottom (second) polarizer 9", i.e. polarization 
filter 9", and reflector 10" of display D2. First polarizer 
layer 1 ' of display D1 and second polarizer-reflector lay- 
er 9", 10" (polarizer 9" and reflector 10" form one layer 
entity) are both ca. 0.3 to 0.35 mm thick. In practice lay- 
's ers 1 ' and 9", 1 0" are separate pieces which are mount- 
ed/fixed next to each other on the same level (on the 
surface of a glass plate). The polarization levels of po- 
larizers 1 and 9 also depend on liquid crystal material 
14 used. In a twisted nematic (TN) liquid crystal display 

20 the polarization level of light twists as light passes 
through molecule layers, the direction of which is twist- 
ed. Normally the polarization level of light twists 90° in 
liquid crystal layer 5. In this case the polarization filters 
are often arranged in such a way that second polarizer 

25 9 is at an 90° angle to first polarizer 1 , and hence a cor- 
rect polarization level is obtained for the light which has 
passed liquid crystal layer 5, hence all light (or a majority 
of the light) passes through second polarizer 9. Reflec- 
tor 10 is preferably diffuse and maintains the polariza- 

30 tion level, in which case the light passes back through 
second polarizer 9, passes through liquid crystal layer 
5 and passes through first polarizer 1 in the places in 
which there is no electric field between electrodes, in 
which case the display seems light, and correspondingly 

35 dark in the places where there is an electric field. If the 
liquid crystal layer twists the light for 270°, the polarizers 
are selected in such a way that the polarization level of 
second polarizer 9 is at an 270° angle to the polarization 
level of first polarizer 1 . Reasonably small (e.g. the ones 

40 used in Nokia 9000 Communicator) black/white displays 
are often of the so called super twisted nematic (STN, 
Super Twisted Nematic) type, in which the twist angle 
usually is 270°. 

[0020] Correspondingly the first layer of display D2 is, 
45 when counted from the viewing direction, first polarizer 
1 ", or polarization filter 1 ". On the same level in the con- 
struction there is for display D1 second polarizer 9', or 
polarization filter 9', and reflector 1 0' of display D1 . Also 
layers 1" and 9', 10' both are 0.3 - 0.35 mm thick and 
50 they are equally in practice separate pieces which are 
placed/fixed next to each other on the same level on the 
surface of a glass plate. In this way a double sided dis- 
play element is formed, by the use of which it is obtained 
smaller display D1 (telephone part display) viewed from 
55 top in Figure 3 and larger display D2 (computer/organ- 
izer part display) viewed from downside, which thus are 
situated next to each other and they display information 
to opposite directions. The thickness of a display con- 
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struction formed in this way will be, using above dimen- 
sions, ca. 2.0 mm. 

[0021] In addition to above, it is possible to mount in 
displays D1 and D2 farthest in the viewing direction elec- 
troluminescent background light layer 16' and corre- 
spondingly 16", if a background light is used and the 
construction of the background light is desired to be as 
thin as possible. The electroluminescent, or EL -back- 
ground light layer can be formed out of laminated plas- 
tics, containing phosphorus between layers, which be- 
comes illuminated when a voltage is connected over it. 
The voltage for the background light layer can be ob- 
tained from the display power supply or elsewhere in the 
device in which the display is mounted. An EL -back- 
ground light requires high voltage (approximately 200 
V) and thus normally requires a separate driver circuit. 
[0022] A display element according to the invention is 
preferably not fixed to any circuit board, but driver cir- 
cuits Dr of the display can be fixed directly on glass plate 
278" of the display, using for example the chip-on-glass 
technique. This can be done in such a way that one lon- 
gitudinal and one transverse edge of bottom glass plate 
278" in the figure is slightly longer than the upper glass 
plate in the figure, hence on the edges of the bottom 27 
8" glass plate there is room for mounting the driver cir- 
cuits. Electrodes 3 and 7 of transparent conductive ma- 
terial, which have not been shown in detail in the figure, 
consist of transverse and longitudinal conductors, in the 
crossing points of which the pixels of the display form. 
The electrodes are controlled using driver circuits Dr, 
hence it is possible to make desired pixels light or dark 
and in such away a desired figure can be formed in the 
display. No separate driver circuits are required for dis- 
plays D1 and D2, but the same driver circuits Dr which 
control the whole display area of glass plates 2 and 8 
using the longitudinal and transverse conductors, are 
capable of controlling the electrodes in the area of dis- 
play D1 and display D2. It is also possible to use sepa- 
rate driver circuits for displays D1 and D2, even if both 
displays consist of the same glass- and electrode plates. 
By arranging own driver circuits for the displays it is pos- 
sible to make the power consumption of smaller display 
D1 lower, but this makes the construction more complex 
because more driver circuits are needed. 
[0023] In order to fasten it, it is possible to mount a 
display in housing 17, which can be for example of rigid 
plastics. It is further possible to install lens 1 8 on top of 
each display D1, D2 to protect the display. The lens in 
not necessary. The size of the housing included, the size 
of an encapsulated display construction will come to ap- 
proximately 5.4 mm, which is less than a half of the 
present. 

[0024] Figures 4a and 4b present a corresponding re- 
alization using plasma- or electroluminescence display. 
Figure 4a presents the structure of a plasma display for 
the realization of a display element according to the 
present invention. A plasma display normally has on top 
and in the bottom glass layers 32 and 38. After the glass 



plates come electrodes 33 and 37, of which the one clos- 
er to a viewer has usually been made transparent, for 
example by using indiumtinoxide (ITO). It has also been 
possible to use thin metal conductors because light 

5 emission spreads sideways in such a way that light is 
emitted. In a display element according to the invention 
both electrodes 33 and 37 are preferably realized using 
transparent conductors. Alternatively, it is possible to 
use a reversed construction in one part of the structure 

10 in such away that for display D1 electrodes 33 are made 
of a transparent material and electrodes 37 of metal, and 
for display D2 electrodes 37 are made of a transparent 
material and electrodes 33 are made of metal. The elec- 
trodes are normally surrounded by an isolating layer 34, 

15 36, between which there is gas layer 35. Also in the ends 
of the gas layer there is isolating layer 39, which can be 
of the same material than layers 34 and 36 (for example 
isolating solder-glass). With display driver circuits 31 a 
voltage is directed to the desired pixel, hence a gas dis- 

20 charge takes place in gas 35, i.e. light is emitted, which 
is seen as the activation of the pixel in question. Using 
driver circuits 31 a voltage is connected over electrodes 
33 and 37 in such a way that for display D1 the light is 
seen upwards in Figure 4a, and for display D2 the light 

25 is seen downwards in Figure 4a (a reversed, negative 
voltage compared with the voltage over the electrodes 
of display D1). The vertical dashed line in the figure il- 
lustrates the realization of two displays D1 and D2 dis- 
playing to two different directions. The display areas can 

30 be divided more clearly using suitable encapsulating, 
with which the other areas are covered, but apertures 
are left for the viewing of displays D1 and D2. Longer 
glass plate 38 shown in the figure illustrates how, alike 
in Figure 3, by arranging one glass plate to be longer 

35 than the other one, driver circuits 31 can be placed on 
the edges using for example the chip-on-glass tech- 
nique. 

[0025] Figure 4b presents the structure of an electro- 
luminescence display for the realization of a display el- 

40 ement according to the present invention. An electrolu- 
minescence display normally has on top, closest to a 
viewer aglass layer and on the bottom a protective layer. 
Both topmost layer 42 and bottom layer 48 in an elec- 
troluminescence display according to the invention and 

45 in the figure are preferably glass plates. After the glass 
plates come electrodes 43 and 47, of which normally the 
one closer to a viewer has been made transparent, for 
example by using indiumtinoxide (ITO) and the second 
electrode has been made for example of aluminium. In 

50 a display element according to the invention both elec- 
trodes 43 and 47 are preferably realized using transpar- 
ent conductors. Alternatively, a reversed construction is 
used in one part of the construction in such a way that 
for display D1 electrodes 43 are made of a transparent 

55 material and electrodes 47 of aluminium or of some oth- 
er metal, and for display D2 electrodes 47 consist of a 
transparent material and electrodes 43 of aluminium or 
of some other metal. The electrodes are normally sur- 
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rounded by an isolating layer 44, 46, for example of 
Y 2 0 3 , Si0 2 and Al 2 0 3 , between which there is electro- 
luminescence film 45, which can be formed of powder 
or using the thin film technique. Material 45 is a semi- 
conductor compound, usually for example ZnS with Mn 
as a compound blend. With display driver circuits 41 a 
voltage is directed to the desired pixel, hence electrolu- 
minescence film 45 emits light at the pixel in question. 
With driver circuits 41 the voltage is directed over elec- 
trodes 43 and 47 in such a way that for display D1 the 
light is directed upwards in Figure 4b and for display D2 
the light is seen downwards in Figure 4b (a reversed, 
negative voltage compared with the voltage over the 
electrodes of display D1 ). The vertical dashed line in the 
figure illustrates the realization of two displays D1 and 
D2 displaying to two different directions. The display ar- 
eas can be divided more clearly using suitable encap- 
sulating, with which the other areas are covered, but ap- 
ertures are left for the viewing of displays D1 and D2. 
Longer glass plate 48 shown in the figure illustrates how, 
alike in Figure 3, by arranging one glass plate to be long- 
er than the other one, driver circuits 41 can be placed 
on the edges using for example the chip-on-glass tech- 
nique. 

[0026] Figures 5a and 5b present a telecommunica- 
tion device utilizing a display element according to the 
invention, Nokia 9000 Communicator -terminal device, 
known as one, which is a multiservice mobile station 
with two sections. Thus the invention is also related to 
a terminal device comprising a two-way display ele- 
ment, which device can be made thinner compared with 
prior known devices. Figures 5a and 5b present an ex- 
ample of such a terminal device. A multiservice mobile 
station can be used in two different positions, the first of 
which shown in Figure 5a, the mobile telephone posi- 
tion, has been optimized for the using of the terminal 
device mainly like a conventional mobile telephone. The 
second position, the terminal device position shown in 
Figure 5b, has been optimized for the using of the ter- 
minal device as a versatile organizer and as a telecom- 
munication terminal device. 

[0027] The terminal device is in Figure 5a shown in 
the mobile telephone position, when lid section 1 00 and 
base section 200 have been folded at a suitable angle 
against each other supported by hinge 1 90 (Figure 5b). 
In Figure 5a the top side of lid section 100 comprises 
display 110 for displaying alphanumeric characters or 
graphic figures, i.e. display D1 according to the inven- 
tion, and keyboard 120 for entering alphanumeric char- 
acters in the terminal device. Now a user has access to 
the telephone section of the device and display 1 1 0 has 
been arranged to display information connected with the 
telephone function, such as dialing atelephone number, 
the identification of an incoming call, and the scrolling 
of telephone function menus and other corresponding 
functions connected with a wireless telephone. When 
the terminal device is in the mobile telephone position 
lid section 1 00 and base section 200 are locked to each 



other with latch 130. Movable antenna 140 is in a first 
embodiment according to the invention fixed to lid sec- 
tion 100. 

[0028] In Figure 5b the terminal device is presented 

5 in the terminal device position, when lid section 1 00 and 
base section 200 have been folded in a suitable angle 
apart from each other supported by hinge 1 90. Now the 
inside of lid section 1 00 and the top side of base section 
200 provide a user with an user interface comprising dis- 

10 play 1 50, i.e. display D2 of a display element according 
to the invention, scroll keys 1 60 and command keys 1 70, 
and base section 200 provides application keys 210, 
QWERTY-keys 220 prior known from computers and 
cursor keys 230. The user now has at his or her disposal 

15 the computer section or the so called organizer section 
(using which also calls can be made), and display 150 
has been arranged to display information connected 
with the organizer function, such as a calendar, contact 
memo, electric mail and other corresponding functions 

20 connected with the organizer and the multiservice mo- 
bile station. The display element is fixed to the lid section 
for example alike in Figure 3 to housing 17. 
[0029] The above is a description of the realization of 
the invention and its embodiments utilizing examples. It 

25 is self evident to persons skilled in the art that the inven- 
tion is not limited to the details of the above presented 
embodiments and that the invention can be realized also 
in other embodiments without deviating from the char- 
acteristics of the invention. The presented embodiments 

30 should be regarded as illustrating but not limiting. Thus 
the possibilities to realize and use the invention are lim- 
ited only by the enclosed claims. Thus different embod- 
iments of the invention specified by the claims, also 
equivalent embodiments, are included in the scope of 

35 the invention. 

[0030] It is equally possible in the presented way to 
form several displays, for example three displays, in 
such a way that two displays display in the same direc- 
tion and the third display to the opposite direction. 

40 

Claims 

1 . A display arrangement displaying to two different di- 
45 rections, comprising 

a first display (D1 ) displaying to a first direction 
and a second display (D2) displaying to a sec- 
ond, essentially opposite direction, 
50 a component common to said first (D1) and 

second (D2) display, which component com- 
prises a display material layer (14; 5, 35, 45) of 
a certain size, and 

55 a first part of said display material layer (14; 

5, 35, 45) forms a part of said first display 
(D1) and 

a second part of said display material layer 
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(14; 5, 35, 45) forms a part of said second 
display (D2), characterized in that the dis- 
play arrangement further comprises driver 
circuits (Dr) for controlling said first display 
(D1) to display a first information and said 
second display (D2) to display a second in- 
formation that is different from said first in- 
formation. 

2. A display arrangement according to claim 1 , char- 
acterized in that said display material layer com- 
prises all such layers of the display, the location of 
which within the display is independent of the direc- 
tion of viewing. 

3. A display arrangement according to claim 1 , char- 
acterized in that said display material layer com- 
prises a layer of material, which determines the type 
of the display and the display arrangement further 
comprises glass plate layers (2, 8) of a certain size 
enveloping the display material layer on both sides, 
which glass plate layers are common for said first 
and second displays and a first part of said glass 
plate layers (5, 35, 45) forms a part of said first dis- 
play (D1 ) and a second part of said display material 
layers (5, 35, 45) forms a part of said second display 
(D2). 

4. A display arrangement according to one of above 
claims, characterized in that it further comprises 
layers (1 , 9, 1 0) the order and direction of which in 
the arrangement is dependent on the viewing direc- 
tion of the display, and such layers have in the area 
of the first display (D1 ) been placed in a first order 
and in a first direction and in the area of the second 
display (D2) in the opposite order and direction 
compared with the first display. 

5. A display arrangement according to claim 4, char- 
acterized in that it comprises in the first part and 
in the second part of the display on both sides of 
the display material layer a first (1) and a second 
(9, 1 0) layer dependent on the direction of viewing, 
and the first layer (V), dependent on the direction 
of viewing of the first display (D1 ) has been placed 
in a certain first order and direction in the part of the 
first display (D1 ) in the arrangement and the second 
layer (9', 1 0'), dependent on the direction of viewing, 
of the first display (D1 ) has been placed in a certain 
second order and direction in the arrangement in 
the part of the first display (D1), and the correspond- 
ing first layer (1"), dependent on the direction of 
viewing, of the second display (D2) has been placed 
in order on the same layer with the second layer (9', 
10'), dependent on the direction of viewing, of the 
first display and in the opposite direction to the first 
layer (1 '), dependent on the direction of viewing, of 
the first display in the part of the second display (D2) 



and the corresponding second layer (9", 10"), de- 
pendent on the direction of viewing, of the second 
display (D2) has been placed in order on the same 
layer with the first layer (V), dependent on the di- 
5 rection of viewing, of the first display and in the op- 

posite direction to the second layer (9', 10'), de- 
pendent on the direction of viewing, in the part of 
second display (D2). 

10 6. A display arrangement according to claim 1 , char- 
acterized in that said common display material lay- 
er (14; 5, 35, 45) comprises the liquid crystal layer 
(5) of the liquid crystal display, electrode layers (3, 
7) and glass plate layers (2, 8) formed on both sides 
15 of it. 

7. A display arrangement according to claim 5, char- 
acterized in that said first layer (1), dependent on 
the direction of viewing, is a first polarization layer 

20 counted from the direction of viewing of the liquid 
crystal display and said second layer (9), depend- 
ent on the direction of viewing, is a second polari- 
zation layer (9) counted from the direction of view- 
ing the liquid crystal display. 

25 

8. A display arrangement according to claim 7, char- 
acterized in that said second polarization layer (9) 
also comprises a reflector layer (10) of the liquid 
crystal display. 

30 

9. A terminal device comprising 

a first display (D1 ) displaying in a first direction 
and a second display (D2) displaying in a sec- 
35 ond, essentially opposite direction, 

a component common to said first (D1) and 
second (D2) displays, which component com- 
prises a display material layer (14; 5, 35, 45) of 
a certain size, and 

40 

a first part of said display material layer (14; 
5, 35, 45) forms a part of said first (D1 ) dis- 
play and 

a second part of said display material layer 
45 (14; 5, 35, 45) forms a part of said second 

display (D2), characterized in that the ter- 
minal device further comprises driver cir- 
cuits (Dr) for controlling said first display 
(D1) to display a first information and said 
50 second display (D2) to display a second in- 

formation that is different from said first in- 
formation. 

10. A terminal device according to claim 9, character- 
55 jzed in that the terminal comprises 

a first user interface (110, 1 20) for using a first 
function, which first user interface comprises 
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the first display (D1, 110), 
a second user interface (150, 160, 210, 220, 
230) for using a second function, which second 
user interface comprises the second display 
(D2, 150), and wherein 5 
the driver circuits (Dr) are configured to control 
said first display (D1) to display information in 
relation to said first function and said second 
display (D2) to display information in relation to 
said second function. 10 



11. A terminal device according to claim 9, character- 
ized in that it is acommunication device comprising 
telephone- and organizer functions, said first and 
second display form one compact construction 
placed inside the same housing of the device, and 
said first display (D1 ) has been arranged to display 
information connected with the telephone function 
and said second display (D2) has been arranged to 
display information connected with the organizer 
function. 



Patentanspruche 

1. Anzeigevorrichtung, die in zwei verschiedenen 
Richtungen anzeigt, mit 

einer ersten Anzeige (D1), die in eine erste 
Richtung anzeigt, und einer zweiten Anzeige 
(D2), die in einer zweiten, im wesentlichen ent- 
gegengesetzten Richtung anzeigt; 
einer Komponente, die der ersten (D1) und 
zweiten (D2) Anzeige gemeinsam ist, wobei die 
Komponente eine Anzeigematerialschicht (14; 
5, 35, 45) einer bestimmten GroBe umfaBt; und 

ein erster Teil der Anzeigematerialschicht 
(1 4; 5, 35, 45) einen Teil der ersten Anzeige 
(D1) bildetund 

ein zweiterTeil der Anzeigematerialschicht 
(14; 5, 35, 45) einen Teil der zweiten An- 
zeige (D2) bildet, dadurch gekennzeich- 
net, daB die Anzeigevorrichtung ferner 
Treiberschaltungen (Dr) umfaBt zum Steu- 
ern der ersten Anzeige (D1 ), urn eine erste 
Information anzuzeigen, und der zweiten 
Anzeige (D2), urn eine zweite Information, 
die sich von der ersten Information unter- 
scheidet, anzuzeigen. 

2. Anzeigevorrichtung nach Anspruch 1 , dadurch ge- 
kennzeichnet, daB die Anzeigematerialschicht all 
jene Schichten der Anzeige enthalt, deren Position 
innerhalb der Anzeige von der Betrachtungsrich- 
tung unabhangig ist. 

3. Anzeigevorrichtung nach Anspruch 1 , dadurch ge- 



kennzeichnet, daB die Anzeigematerialschicht ei- 
ne Schicht aus Material enthalt, das den Typ der 
Anzeige bestimmt, und die Anzeigevorrichtung fer- 
ner Glasplattenschichten (2, 8) einer bestimmten 
GroBe enthalten, die die Anzeigematerialschicht an 
beiden Seiten einhullen, wobei die Glasplatten- 
schichten den ersten und zweiten Anzeigen ge- 
meinsam sind und ein erster Teil der Glasplatten- 
schichten (5, 35, 45) einen Teil der ersten Anzeige 
(D1) bildet und ein zweiter Teil der Glasplatten- 
schichten (5, 35, 45) einen Teil der zweiten Anzeige 
(D2) bildet. 

4. Anzeigevorrichtung nach einem der vorangehen- 
15 den Anspruche, dadurch gekennzeichnet, daB 

sie ferner Schichten (1, 9, 10) enthalt, deren Rei- 
henfolge und Ausrichtung in der Vorrichtung von 
der Betrachtungsrichtung der Anzeige abhangig ist, 
und daB diese Schichten im Bereich der ersten An- 
20 zeige (D1 ) in einer ersten Reihenfolge und in einer 
ersten Ausrichtung angeordnet werden und im Be- 
reich der zweiten Anzeige (D2) in bezug auf die er- 
ste Anzeige in der entgegengesetzten Reihenfolge 
und Ausrichtung angeordnet werden. 

25 

5. Anzeigevorrichtung nach Anspruch 4, dadurch ge- 
kennzeichnet, daB sie im ersten Teil und im zwei- 
ten Teil der Anzeige auf beiden Seiten der Anzeige- 
materialschicht in Abhangigkeit von der Betrach- 

30 tungsrichtung eine erste (1 ) und eine zweite (9, 1 0) 
Schicht umfaBt, wobei die erste Schicht (V) in Ab- 
hangigkeit von der Betrachtungsrichtung der ersten 
Anzeige (D1 ) in einer bestimmten ersten Reihenfol- 
ge und Ausrichtung in dem Teil der ersten Anzeige 

35 (D1 ) in der Vorrichtung angeordnet ist und die zwei- 
te Schicht (9', 1 0') in Abhangigkeit von der Betrach- 
tungsrichtung der ersten Anzeige (D1) in einer be- 
stimmten zweiten Reihenfolge und Ausrichtung in 
der Vorrichtung in dem Teil der ersten Anzeige (D1 ) 

40 angeordnet ist, wobei die entsprechende erste 
Schicht (1") in Abhangigkeit von der Betrachtungs- 
richtung der zweiten Anzeige (D2) in einer Reihen- 
folge auf derselben Schicht mit der zweiten Schicht 
(9', 10') in Abhangigkeit von der Betrachtungsrich- 

45 tung der ersten Anzeige und in der entgegenge- 
setzten Richtung zur ersten Schicht (V) in Abhan- 
gigkeit von der Betrachtungsrichtung der ersten An- 
zeige im Teil der zweiten Anzeige (D2) angeordnet 
ist und die entsprechende zweite Schicht (9", 10") 

50 in Abhangigkeit von der Betrachtungsrichtung der 
zweiten Anzeige (D2) in einer Reihenfolge auf der- 
selben Schicht mit der ersten Schicht (1 ') in Abhan- 
gigkeit von der Betrachtungsrichtung der ersten An- 
zeige und in der entgegengesetzten Richtung zur 

55 zweiten Schicht (9', 1 0') in Abhangigkeit von der Be- 
trachtungsrichtung im Teil der zweiten Anzeige (D2) 
angeordnet ist. 
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6. Anzeigevorrichtung nach Anspruch 1 , dadurch ge- 
kennzeichnet, daB die gemeinsame Anzeigema- 
terialschicht (1 4; 5, 35, 45) die Flussigkristallschicht 
(5) der Flussigkristallanzeige, Elektrodenschichten 
(3, 7) und Glasplattenschichten (2, 8), die auf bei- 
den Seiten hiervon gebildet sind, umfaGt. 

7. Anzeigevorrichtung nach Anspruch 5, dadurch ge- 
kennzeichnet, daB die erste Schicht (1) in Abhan- 
gigkeit von der Betrachtungsrichtung eine erste Po- 
larisationsschicht fur die Betrachtungsrichtung der 
Flussigkristallanzeige ist und die zweite Schicht (9) 
in Abhangigkeit von der Betrachtungsrichtung eine 
zweite Polarisationsschicht (9) fur die Betrach- 
tungsrichtung der Flussigkristallanzeige ist. 

8. Anzeigevorrichtung nach Anspruch 7, dadurch ge- 
kennzeichnet, daB die zweite Polarisationsschicht 
(9) auGerdem eine Reflektorschicht (10) der Flus- 
sigkristallanzeige umfaGt. 

9. Endgerat, mit 

einer ersten Anzeige (D1), die in eine erste 
Richtung anzeigt, und einer zweiten Anzeige 
(D2), die in einer zweiten, im wesentlichen ent- 
gegengesetzten Richtung anzeigt; 
einer Komponente, die der ersten (D1) und 
zweiten (D2) Anzeige gemeinsam ist, wobei die 
Komponente eine Anzeigematerialschicht (14; 
5, 35, 45) einer bestimmten GroGe umfaGt; und 

ein erster Teil der Anzeigematerialschicht 
(1 4; 5, 35, 45) einen Teil der ersten Anzeige 
(D1) bildetund 

ein zweiterTeil der Anzeigematerialschicht 
(14; 5, 35, 45) einen Teil der zweiten An- 
zeige (D2) bildet, dadurch gekennzeich- 
net, daB das Endgerat ferner Treiberschal- 
tungen (Dr) umfaGt zum Steuern der ersten 
Anzeige (D1), urn eine erste Information 
anzuzeigen, und der zweiten Anzeige 
(D2), urn eine zweite Information, die sich 
von der ersten Information unterscheidet, 
anzuzeigen. 

10. Endgerat nach Anspruch 9, dadurch gekenn- 
zeichnet, daB das Endgerat umfaGt: 

eine erste Anwenderschnittstelle ( 1 1 0, 1 20) fur 
die Nutzung einer ersten Funktion, wobei die 
erste Anwenderschnittstelle die erste Anzeige 
(D1, 110) enthalt; 

eine zweite Anwenderschnittstelle (150, 160, 
210, 220, 230) fur die Nutzung einer zweiten 
Funktion, wobei die zweite Anwenderschnitt- 
stelle die zweite Anzeige (D2, 1 50) enthalt; und 
wobei die Treiberschaltungen (Dr) so konfigu- 



riert sind, daG sie die erste Anzeige (D1) steu- 
ern, urn Informationen in bezug auf die erste 
Funktion anzeigen, und die zweite Anzeige 
(D2) steuern, urn Informationen in bezug auf 
5 die zweite Funktion anzeigen. 

11. Endgerat nach Anspruch 9, dadurch gekenn- 
zeichnet, daB es eine Kommunikationsvorrichtung 
mit Telephon- und Organizerfunktionen ist, wobei 

10 die ersten und zweiten Anzeigen einen kompakten 
Aufbau bilden, der im selben Gehause der Vorrich- 
tung angeordnet ist, wobei die erste Anzeige (D1) 
so beschaffen ist, daG sie Informationen anzeigt, 
die auf die Telephonfunktion bezogen sind, und die 

15 zweite Anzeige (D2) so beschaffen ist, daG sie In- 
formationen anzeigt, die auf die Organ izerfunktion 
bezogen sind. 



1 . Agencement d'affichage affichant dans deux direc- 
tions differentes, comprenant 

25 un premier afficheur (D1) affichant dans une 

premiere direction un second afficheur (D2) af- 
fichant dans une seconde direction essentielle- 
ment opposee, 

30 un composant commun audit premier (D1) et 

audit second (D2) afficheurs, lequel composant 
comprend une couche de materiau d'affichage 
(14;5,35,45) d'une certaine dimension, et 

35 une premiere partie de ladite couche de 

materiau d'affichage (14;5,35,45) forme 
une partie dudit premier afficheur (D1 ) et 

une seconde partie de ladite couche de 
40 materiau d'affichage (14;5,35,45) forme 

une partie dudit second afficheur (D2), ca- 
racterise en ce que I'agencement d'affi- 
chage comprend, en outre, des circuits 
d'attaque (Dr) pour commander ledit pre- 
45 mier afficheur (D1) pour afficher des pre- 

mieres informations et ledit second affi- 
cheur (D2) pour afficher des secondes in- 
formations qui sont differentes desdites 
premieres informations. 

50 

2. Agencement d'affichage selon la revendication 1, 
caracterise en ce que ladite couche de materiau 
d'affichage comprend la totalite des couches de I'af- 
ficheur, dont I'emplacement a I'interieur de I'affi- 

55 cheur est independant de la direction d'observation. 

3. Agencement d'affichage selon la revendication 1, 
caracterise en ce que ladite couche de materiau 
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d'affichage comprend une couche de materiau, qui 
determine le type d'affichage et I'agencement d'af- 
fichage comprend, en outre, des couches de plaque 
de verre (2,8) d'une certaine dimension envelop- 
pant la couche de materiau d'affichage sur les deux 5 
cotes, lesquelles couches de plaque de verre sont 7. 
communes audits premier et second afficheurs et 
une premiere partie desdites couches de plaque de 
verre (5,35,45) forme une partie dudit premier affi- 
cheur (D1 ) et une seconde partie desdites couches 10 
de materiau d'affichage (5,35,45) forme une partie 
dudit second afficheur (D2). 

4. Agencement d'affichage selon I'une quelconque 
des revendications precedentes, caracterise en ce 15 
qu'il comprend, en outre, des couches (1 ,9,10)dont 8. 
I'ordre et ladirection dans I'agencement est fonction 
de la direction d'observation de I'afficheur et de tel- 
les couches ont dans la zone du premier afficheur 
(D1 ) etant place dans un premier ordre et dans une 20 
premiere direction et dans la zone du second affi- 9. 
cheur (D2) dans I'ordre et la direction opposee com- 
paree au premier affichage. 

5. Agencement d'affichage selon la revendication 4, 25 
caracterise en ce qu'il comprend dans la premiere 
partie et dans la seconde partie de I'afficheur sur 
les deux cotes de la couche de materiau d'affichage 
une premiere (1) et une seconde (9,10) couche 
fonction de la direction de I'observation, et la pre- 30 
miere couche (V), fonction de la direction de I'ob- 
servation du premier afficheur (D1), a ete placee 
dans un certain premier ordre et direction dont la 
partie du premier afficheur (D1 ) dans I'agencement 
et la seconde couche (9', 10'), fonction de la direc- 35 
tion d'observation, du premier afficheur (D1) a ete 
place dans un second ordre certain et direction 
dans I'agencement dans la partie du premier affi- 
cheur (D1), et la premiere couche correspondante 
(1"), fonction de la direction d'observation du se- 40 
cond afficheur (D2) a ete place dans I'ordre sur la 
meme couche avec la seconde couche (9', 10'), 
fonction de ladirection d'observation du premier af- 
ficheur dans la direction opposee a la premiere cou- 
che (V), fonction de la direction d'observation du 45 
premier affichage de la partie du second afficheur 
(D2) et la seconde couche correspondante (9", 1 0"), 
fonction de ladirection d'observation du second af- 
ficheur (D2) a ete place dans I'ordre sur la meme 1 
couche avec la premiere couche (1 '), fonction de la 
direction d'observation, du premier afficheur et 
dans la direction opposee a la seconde couche (9', 
10'), fonction de ladirection d'observation, dans la 
partie du second afficheur (D2). 

6. Agencement d'affichage selon la revendication 1 , 
caracterise en ce que ladite couche de materiau 
d'affichage commun (1 4;5,35,45) comprend la cou- 



che de cristaux liquides (5) de I'affichage a cristaux 
liquides, les couches d'electrodes (3,7) et les cou- 
ches de plaque de verre (2,8) formees sur ses deux 
faces. 

Agencement d'affichage selon la revendication 5, 
caracterise en ce que la premiere couche (1), 
fonction de la direction d'observation, est une pre- 
miere couche de polarisation comptee depuis la di- 
rection d'observation de I'affichage a cristaux liqui- 
des et ladite seconde couche (9), fonction de la di- 
rection d'observation, est une seconde couche de 
polarisation (9) comptee depuis la direction d'obser- 
vation de I'affichage a cristaux liquides. 

Agencement d'affichage selon la revendication 7, 
caracterise en ce que ladite seconde couche de 
polarisation (9) comprend egalement une couche 
de reflexion (10) de I'affichage a cristaux liquides. 

Dispositif terminal comprenant 

un premier afficheur (D1) affichant dans une 
premiere direction un second afficheur (D2) af- 
fichant dans une seconde direction essentielle- 
ment opposee, 

un composant commun audit premier (D1) et 
second (D2) afficheur, lequel composant com- 
prend une couche de materiau d'affichage (14; 
5,35,45) d'une certaine dimension, et 

une premiere partie de ladite couche de 
materiau d'affichage (14;5,35,45) forme 
une partie dudit premier afficheur (D1 ) et 

une seconde partie de ladite couche de 
materiau d'affichage (14;5,35,45) forme 
une partie dudit second afficheur (D2), ca- 
racterise en ce que le dispositif terminal 
comprend, en outre, des circuits d'attaque 
(Dr) pour commander ledit premier affi- 
cheur (D1 ) pour afficher des premieres in- 
formations et ledit second afficheur (D2) 
pour afficher des secondes informations 
qui sont differentes desdites premieres in- 
formations. 

i. Dispositif terminal selon la revendication 9, carac- 
50 terise en ce que le terminal comprend 

une premiere interface utilisateur (110,120) 
pour utiliser une premiere fonction, laquelle 
premiere interface utilisateur comprend le pre- 
55 mier afficheur (D1,110), 

une seconde interface utilisateur 
(150,160,210,220,230) pour utilisation d'une 
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seconde fonction laquelle seconde interface 
utilisateur comprend le second afficheur (D2, 
150), et dans lequel 

les circuits d'attaque (Dr) sont configures pour 5 
commander ledit premier afficheur (D1) pour 
aff icher des informations en relation avec ladite 
premiere fonction et ledit second afficheur (D2) 
pour afficher des informations en relation avec 
ladite seconde fonction. 10 

11. Dispositif terminal selon la revendication 9, carac- 
terise en ce que c'est un dispositif de communica- 
tion comprenant des fonctions de telephone et d'or- 
ganiseur, lesdits premiers et second afficheurs for- 15 
ment une structure compacte placee a I'interieur du 
meme logement du dispositif, et ledit premier affi- 
cheur (D1 ) a ete agence pour afficher des informa- 
tions liees a la fonction telephonique et ledit second 
afficheur (D2) a ete agence pour afficher des infor- 20 
mations liees a la fonction d'organiseur. 
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